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1.0

2.0

APPENDIX B

MANPRINT , ASSESSMENT

OVERVIEW

1.1 The test design plan emphasized the three MANPRINT areas of human
factors engineering, safety, and health hazards as part of issue 4.
Other MANPRINT areas were assessed as part of a thorough investigation
and included training, manpower, and organizational structure. The
purpose of the assessment was to investigate the MANPRINT areas in
order to identify MANPRINT findings leading to system refinements.

The assessment was conducted in support of USAOTEA by the U.S. Army
Research Institute for the Behavioral and Social Sciences (ARI) Fort
Hood Field Unit.

1.2 Table 1.2.1 lists the major MANPRINT findings and the locations
of the findings within the appendix. Table 1.2.2 lists the major
sections of the appendix and the associated page numbers.

1.3 Several types of data collection techniques were used in order to
gather MANPRINT data. Data collection techniques included critical
task crew performance measures, critical task assessment interviews,
on—site observation, structured interviews covering test data require-
ments, and camment and opinion data from test participants. The use
of multiple data collection techniques provided the avenues of inves-
tigation into the broad MANPRINT areas to ensure a full analysis.

METHODOLOGY

2.1 Twenty-five critical tasks were examined throughout the conduct
of OT II ard are listed in Table 2.1. Timed crew performance measures
were collected on 20 of the critical tasks amenable to timed data
collection under the conditions and restraints of operational testing.
One critical task, to perform an emergency hydraulic slave of the

recovery vehicle, was performed as an end-of-test demonstration.

2.2 Stringent criteria were applied to the selection of potential
critical crew performance tasks. The purpose of applying a stringent
criteria was to narrow the focus of the assessment to those tasks that
were essential for the success of the RPV battery's mission. However,
as hardware and software modifications: impact on operating procedures,
critical tasks change in importance during the evolution of a system's
design . Moreover, the criticality of some tasks can be masked by the
necessary on-site presence of the mamufacturer's representatives
supporting testing prior to OT II. Therefore, the assessment focused
on tasks that were likely to be critical under operational conditions.
The criteria for selection of the essential critical crew tasks in-
cluded: : '

a. Unsuccessful performence of the task would result in a fail-
ure to complete a missiomn.
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Table 1.2.2. Appendix B Major Section Titles, Section Nos. and Page Nos.

Section Title Section No. Page No.
Overview 1.0 B-1
Methodology 2.0 B-1
Organization of the Findings 3.0 B-11
Critical Task Assessment 4.0 B-15
Prelaunch Operations 4.1 B-15
Prepare, Enter, and Verify AV Mission Plan 4.2 B-23
Emplacement of RPV Components 4.3 B-35
Install/Stow Fiber Optics Cables 4.4 B-66
Locate and Align RGT 4.5 B-77
Power Up GCS 4.6 B-79
Prepare Recovery Subsystem for Recovery and
Deploy Recovery Subsystem Barrier Support
Structure 4.7 B-81
Remove AV fraom Container to AV Support Stand
and Move AV fram Support Stand to Launch
Subsystem 4. B-93
Perform Launch Operation of AV 4. B-105
Perform Handoff 4.10 B-111
Position AV on Gun Target Line 4.11 B-117
Operate Mission Payload System in Track Mode
for Copperhead 4.12 B-118
Perform Artillery Adjust Mission 4.13 B-127
Perform Damage Assessment 4.14 B-132
Lost Link Reacquisition 4.15 B-136
Perform AV Recovery 4.16 B-141
Remove Recovery Net and Shutdown Recovery
Subsystem 4.17 B-145
Fueling and Defueling AV 4.18 B-153
Perform Emergency Hydraulic Slave for
Recovery Launch Subsystem 4.19 B~157
Critical Task Review of MOPP Conditions 4.20 B-160
Training, Manpower, and Organizational »
Considerations . 5.0 B-162
Maintainability Review 6.0 B-182
Test Participants' Comments and Opinions 7.0 B~-205
Structured Interview Findings 8.0 B-266




Table 2.1. Critical Tasks of the Critical Task Assessment (CTA)

Sequence
Number CTA Number Task Title
1 CTAQO012 Emplacement of GCS
2 CTA0Q09 Emplacement of launch subsystem
3 CTAOO11 Emplacement of recovery subsystem
4 CTA0010 Emplacement of remote ground terminal (RGT)
5 CTA0083 Install/stow fiber optics cables
6 CTA0004 Locate and align RGT*
7 CTA0074 Power up GCS*
8 CTAQO0S6 Prepare recovery subsystem for recovery
9 CTAQ100 Deplay recovery subsystem barrier support
structure
10 CTA0102 Remove AV from container to AV support stand
1 CTA0016 Move AV from support stand to launch subsys-
tem
12 CTA0Q25 Prelaunch operations
13 CTA0031 Prepare, enter, and verify AV mission plan
14 CTAOQ40 Perform launch operation of AV
15 CTAO037 Perform handoff
16 CTAQQ55 Position AV on gun target line*
17 CTAO054 Operate mission payload system in track mode
.for Copperhead
18 CTAO0051 P.erform' artillery adjust—-conventional muni-
, tions
19 CTAO052 Perform damage assessment
20 CTA0039 Lost link reacquisition
21 CTA0049 Perform AV recovery
22 CTAO066 Remove recovery net
23 CTAO087 | Shutdown recovery subsystem
24 CTAO027 Fueling and defueling AV*
25 CTAO0101 Perform emergency hydraulic slave for re-
covery launch subsystem
. *Constraints encountered during testing prevented timed measures from being

collected for the tasks.




b. Unsuccessful performance of the task would have severe impact
on system performance or result in a failure of the system.

c. Improper performance of the task would constitute, or lead
to, a safety or health hazard.

d. Improper performance of the task would lead to equipment
failure.

2.3 Critical tasks were distinguished from other tasks in that unsuc-
cessful performance of the task was estimated to have the highest
probability of affecting the success of the mission. Moreover, prac-
tical consideration was given to the number of critical tasks selected
ard to the requirements imposed on the data base and data collection
resources.

2.4 The validity of the selected performance measures was established
using several techniques. Techniques included:

a. Reviews of current fraining and technical manual documenta-
tion. CTA numbers for the critical tasks correspond to the OPR
mmbers for the TRADOC task descriptions.

b. Observations of RPV operations during developmental testing
at Fort Huachuca, AZ. :

c. Observations of training FTX at Fort Sill, OK.
d. Discussions with key training instructors at Fort Sill.

e. Reviews with the USAOTEA MANPRINT POC and Test Directorate
personnel.

f. Reviews, prior to record test data collection, with MANPRINT
Data Authentication Group (DAG) members of organizations par-—
ticipating in the test.

g. Interviews conducted with battery personnel during conduct of
the test concerning the critical tasks. The interviews were
based on the most current procedural listings of task steps
available in the technical documentation.

2.5 The reliability of the timed measures was estimated using two
statistical techniques. First, split-half correlations were computed
for each of the measures based on the repeated time measures of a
task. Scores adjacent in time were paired, and the correlation be-
tween the pairs was computed. The correlations would be expected to
be greater than zero to the extent that adjacent scores were more
similar than distant ones. The correlations should have provided the
lower bound estimates of reliabilities. Second, the sums of squares
for each critical task was examined as a rough estimate of reliabili-
ty. The sums of squares provide an estimate of the variance accounted
for that was non-random reliable variance. Moreover, reliability of
the data was assured by the thorough screening of the data given by



the MANPRINT DAG. Numerous suspect scores were identified, inves-
tigated, and if erroneous, corrected. The split half reliability
coefficients found for the data indicated that high level statistical
treatment of the data (t test, F test, R?, etc.) would be inappropri-
ate for the data. Moreover, cperational test conditions do not meet
the assumptions necessary for the analysis of variance.

2.6 Virtually all tasks performed by the RPV battery were performed
by teams of crewmen. The task procedural steps were performed in a
parallel fashion among teams of crewmen rather than in a serial
fashion amenable to individual performance measurement. Moreover, the
effects of the high degree of interaction among the crewmen, which
contributes to their task success or failure, is extremely difficult
or impossible to assess. Therefore, crew performance measures were
best suited to the constraints of operaticnal testing.

2.7 Development of the Critical Task Analysis (CTA) data base for the
timed measures occurred as an ongeoing effort as part of the develop-
ment of the test data base. Worksheets were prepared for each criti-
cal task and contained the purpose of the measure, the desired data
elements, the data element operational definition, and a description
of the planned analysis. The test data manager then began the process
of integrating the critical task measures into the test data base and
data collection requirements. Camputer specification worksheets were
prepared and contained descriptions of the data elements, data display
matrices for DAG review, program format and output requirements, and
examples of graphic displays. Data collection forms and materials
were then prepared incorporating the critical task measures into the
forms to be used for system performance and RAM data collection.

2.8 Interviews were conducted with battery crewmen concerning the
procedural steps involved in each critical task. Procedures from the
most current of the technical mamials were listed and used as discus-
sion guides. The discussions lasted from 10 to 30 minutes and were
conducted on-site at vehicle emplacement locations. The interviews
focused on task procedures, critical procedural efficiencies or er-
rors, and the training of tasks.

2.9 Data were analyzed using the Statistical Analysis System (SAS).
Programs used to investigate the critical task timed data included:

PROC MEANS
PROC GIM

PROC UNIVARIATE
PRCC SPLOT
PROC PLOT

PROC CORR

HhO L p‘m

2.10 The MANPRINT assessment conducted during OT II was an explora-
tory assessment. Only the statistical information contributing to an
understanding of the findings was displayed rather than inundating the
report with all the statistical output available in SAS programs. The
methods and statistics used in the MANPRINT assessment are those




that are generally accepted for use in exploratory research.l pata
files were examined by members of the MANPRINT DAG. The MANPRINT DAG
investigated 457 data anomalies and identified zero entries, duplicate
entries, and other numbers affecting a meaningful analysis of the
data. Since the purpose of the CTA analysis was to better understand
crew tasks, the data files used for analysis were adjusted to include:

a. Extreme outliers were reviewed in data displays for MANPRINT
team and DAG review. However, the extreme outliers were deleted
from data files used for analysis with the exception of the
univariate descriptive statistics. The median, when available in
selected SAS products, was considered a better measure of central
tendency than the mean for reporting purposes in view of the type
of skewed distributions typical of cperational test data.

b. Missing data were investigated and the appropriate data were
added to the data files if the data were available from the raw
data forms. There were several appropriate causes for missing
data, such as partially completed but cancelled missions result-
ing in missing values for tasks that would have normally occurred
after the cancellation. Verified missing data values were de-
leted from the data files for analysis.

c. Duplicate entries, generally caused from repeated launch
_attempts but affecting several of the critical tasks, were de-
leted from the data files for analysis with the exception of the
“first entry.

2.10.1 The number of events or occurrences of activities for critical
tasks, such as launch aborts, will not equal the total numbers of the
events during OT II as a result of the occasional deletions of ocut-
liers and duplicate entries. Trials involving mission operational
protective posture (MOPP) IV accounted for only five percent of the
trials. Separate analyses of MOPP and non-MOPP trials were conducted
for each task. However, no meaningful patterns or differences were
found. MOPP trials were included in the overall analyses. The bat-
tery generally did not operate during foul weather. However, ground
conditions were .considered for emplacement tasks.

2.11 The findings of the MANPRINT CTA can be used for several pur—
poses, including:

a. Examining the impact of crewman performance on system perfor-
mance. .

b. Examining the impact of equipment design and operating proce-
dures on crewman performance.

c. Developing or refining technical mamials, training, POI
materials, and ARTEP standards.

1Tukey, J. W. Exploratory data analysis. Reading, MA: Addison Wesley,
1977. _



3.0

2.12 Structured interviews were developed using a Yes/No checklist
format with space to record interviewee comments. The checklists were
used to guide the interviewers and also to allow the interviewees to
make any comments they desired. A separate interview was designed for
test data collectors; ground control station: launch, recovery, and
AV handler; maintenance; and supporting unit test participants. The
interviews were designed to investigate key data requirements related
to MANPRINT areas of concern. The intervievs were administered to
battery personnel at the battery site, and to supporting unit person-
nel in classrooms. The structured interviews were administered in the
last two weeks of Phase IIIB, after part1c1pants had experienced the
majority of the test.

2.13 Comment and opinion data were collected throughout the test from
all test participants. Comment and opinion data collection forms and
a coding taxonomy for the comments were developed. To allow rapid
sorting and display of the comment data, the camments and opinions
were coded for four major categories, including MANPRINT area, RPV/
Artillery system component, mission phase, and critical task. Com-
ments and opinions were collected at the battery site.

2.14 On-site observations of battery operations were made by MANPRINT
researchers throughout the test. The observations were used to devel-
op an understanding of findings emerging from the data base. Informa-
tion gained through direct observation was used to provide detailed
explanations supporting other sources of numerical data.

ORGANIZATION OF THE FINDINGS

3.1 The MANPRINT findings were organized into five sections. The
first three sections addressed MANPRINT concerns, while the last two
sections contained data addressing specific data requirements. The
findings were presented using data displays, tables, and lists in
order to facilitate review of the large quantity of information
resulting from the MANFPRINT assessment.

3.2 The critical task assessment was organized using a similar format
for each critical task. A brief overview of major statistical find-
ings for the task was presented followed by data displays and specific
findings for each of the applicable MANPRINT areas. A variety of
statistical cutputs from SAS programs were examined for each critical
task.” The statistical output that contributed to understanding the
critical task was selected. Figure 3.2 shows an example of a SAS PROC
SPLOT box and whisker graphic for a critical task. The PROC SPLOT
graphic was a very useful tool for understanding the nature of the
task data. The graphic display of this type was used frequently and
included the following information:

a. Box (a) ard whisker plots for each week of the test. The
limits of each box are the first (lower edge) and third (upper
edge) quartiles of each week's data distribution. The vertical
length of the baox shows the middle fifty percent of the data
distribution. The length of the box indicates the variability of
the data. ' '



Example of a box and
whiskexr graphic.
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b. The whiskers. The whiskers indicate the tails of the data
distribution. The lower whiskers indicate the ranges of data
canprising the 1st to the 25th percentiles. The upper whiskers
indicate the ranges of data camprising the 76th to the 100th
percentiles. :

c. The median. The median is indicated by asterisks (*) joined
by a dashed line.

d. The mean. The mean is indicated by a plus sign (+).

e. Extreme outliers. Extreme outlying values are indicated by
zeros (o, values that might occur once in twenty times in a
normal distributior). and by asterisks (*, values that might

occur once in two hundred times in a normal distribution).

3.3 The critical task assessment findings begin with the critical
tasks 12 CTA0025 Prelaunch operations and 13_CTA0031 Prepare, enter,
and verify AV mission plan, due to the significance the tasks have for
system performance. The other tasks follow in the sequence order
indicated in Table 3.3, which is a summary of basic statistics for
each critical task.
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4.0 CRITICAL TASK ASSESSMENT

4.1 12 CTAOO25 Prelaunch operations.

4.1.1 The first criteria for Issue 1, flight operations, stated "“(a)
When the RPV section arrives at a swrveyed position and a mission
request is received, the RPV section must be able to plan, coordinate,
and effect launch of an AV within 1 hour in daylight or within 1.5
hours in darkness after site emplacement or after receipt of mission
request, whichever is later. Eighty percent of these trials must be
successful." Explanations for the RPV section's partial success in
meeting the criteria may be found in two critical tasks conducted in
different battery locations during the time specified in the criteria.
The critical tasks are 12 CTA0025 Prelaunch operations, conducted by
launcher crews, and 13 _CTAOO31 Prepare, enter, and verify AV mission
plan, conducted by GCS crews.

4.1.2 Findings for 12_CTA0025 Prelaunch operations indicated that
excessive time was taken by crews performing the task. The procedures
performed during this task involved test and verification of the AV,
launcher hydraulics, and MICNS data. Any fault or error detected in
system camponents at this critical stage stopped or slowed the entire
launch process. Efficiency of prelaunch operations could be improved
by:

a. Improving maintenance shelter fault isolation test equipment
for the AV. Ensuring that an AV is ready for flight and launch
prior to its delivery to the launcher.

b. Transmitting MICNS data electronically and directly to the
launcher MICNS initializer from the GCS. Eliminate the need for
launcher crewmen to hear and enter data at the launcher. Ensure
the MICNS data verification procedures used at the GCS are ap-
propriate.

c. Verify the working order of the launcher hydraulic system
while the launcher is in the hide position before its emplacement
for launch. Crews were observed placing the AV on the launcher
while the launcher was in hide. Verify AV and launcher readiness
at that time.

4.1.3 Data and information supporting the prelaunch operations criti-
cal task findings of crew performance included:

a. Procedural references:

DEP 55-1550-200-CL~5 pages N-6 through N-7
™ 55-1550-200-10

b. The timed measure began when GCS instructed LV to begin
prelaunch operations. The timed measure ended when AV ready
light was green and GCS commanded to start launch sequence.




- €. Table 4.1.8.1 lists the descriptive statistics for the pre-
launch critical task. The overall time was close to the time
specified in the system criteria of 60 minutes (Median = 49.5;
Mean = 72.51).

d. Task times for the three critical tasks, within the 60-minute
system performance criteria, included: (1) 2 _CTA0OOOS Emplacement
of launch subsystem (Median = 8.72), (2) 12_CTA0025 Prelaunch
operations (Median = 49.5); and (3) 14 _CTA0040 Perform launch
operation of AV (Median = 9.5) total 67.7 minutes. This clearly
shows that in order to meet the system criteria, the greatest
gains can be made by lessening the time required to perform
prelaunch BIT/BITE and system checkouts.

e. Table 4.1.3.2 lists the descriptive statistics for each week
of the test. Times exceed the system criteria of 60 minutes
(high means range from 76.8 to 170.41). However, maximum values
include outlying values for review purposes.

f. Figure 4.1.3.1 shows the box and whisker plots for each week
of the test. The length of the boxes indicates high variability
with boxes extending as high as 140 minutes to complete prelaunch
operations. Eighty-three prelaunch operation trials were ana-
lyzed; 35 trials exceeded 60 minutes and 27 trials ranged fram 30
to 60 minutes. A partial explanation for the length of the box
plots beginning with week six may be due to the increase in AV
RAM incidents during the corresponding periods which were de-
tected during prelaunch operations.

g. Figure 4.1.3.2 shows box and whisker plots of first, middie,
and last trails of the day. First trials of the day are likely
to be more representative of potential tactical conditions.

First trials of the day were found to be longer than later trails
(Mean first trial = 96.3 minutes, N=33; Mean middle trial = 58.8
minutes, N=27; Mean last trial = 50.7 minutes, N=19). The first
trials of the day were often conducted under early morning low
light conditions. The mean for prelaunch operations for first
trials (Mean = 96.31 minutes) exceeded the system criteria for
launch of 90 minutes in darkness.

to
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4.1.4 Factors affecting 12_CTA0025 Prelaunch operations:

A.

Procedural Considerations

Note: The prelaunch operations would require approximately 10 minutes to complete
with only slight variations in time when all AV, LV, and GCS systems are working
appropriately.

1. The launcher and prelaunch tasks have become the focus of system testing. All
testing and correction of faults become time consuming. Test functions should be
distributed to other system components so that all launch functions are "ready to
fly" prior to launcher emplacement.

2. . One mission commander reported a preference for launching the same AV every
time it was available rather than rotating AVs because his experience was that often
AVs returned from maintenance were not repaired or ready to fly.

Potential Errors

1. Errors in initializing the MICNS have been made when wrong codes have been
entered at the launcher. It is believed that noise or the poor quality of the trans-
mission over the landline interfered with the communications resulting in hearing
the codes incorrectly. Several communications errors were reported and
communications were judged to be especially difficult after AV engine was started.
Noise levels during launch sequence ranged from 123 dB at 0 M to 109 dB at 10 M
behind the LV. _

2. Failure to set the AV weight setting switch could result in a failed launch. Air
vehicles must be reweighed and stamped after air frame repair, as repairs have been
known to increase their weight.

Training Implications

1. Verification procedures and a paramount need for verifying GCS/launcher
communications should be stressed.

2. Safety procedures during malfunction diagnosis and maintenance need to be
stressed to prevent injuries.

3.  Crewmen without hearing protection were observed standing close to the LV.
Human Engineering Considerations

1. The communications equipment at the launcher does not appear to be suitable
for use in a high noise environment. '

2. The MICNS is difficult to initialize during periods of darkness. It is very
difficult to read the data as recorded on the data sheet, see where to record the new
data or to read labeled displays.

3. Workspace on the LV platform is inadequate. Soldiers must perform their
duties in strained and unusual postural positions. Their feet are often positioned at
the extreme edges of the work platform, making the crewmen susceptible to fall
injuries.




E.  Safety/Health Hazard

. Noise levels behind the LV during launch were measured and include:
Distance from Decibel (dB) scale
rear of LV A B C
oM 120 119 123
5 M 108 108 109
10 M

107 107 109

Height of sensor was 1.7 M.
The duration of exposure was short (average 2:48 minutes). Some crewmen did
not wear hearing protection when standing close to the LV. The use of hearing
protection should be stressed.




4.2 13 CTAOO031 Prepare, enter, and verify AV mission plan.

4.2.1 Critical task 13_CTAO031 Prepare, enter, and verify AV mission
‘plan were tasks conducted in the GCS by the mission commander (MC) and
air vehicle operator (AVO). The tasks were conducted parallel to the
emplacement task for the launcher. Once the mission plan launch data
was prepared, the appropriate data was transmitted by voice over
landline to the launcher crew for input into the MICNS initializer.
Launch of the AV was, in part, dependent on the preparation of the
mission flight plan.

4.2.2 The rapid and correct preparation of the flight plan did impact
on the flight operations criteria briefly stated again to "effect
launch of the AV within 1 hour in daylight or 1.5 hours in darkness
after site emplacement or receipt of the mission order." Findings for
13 CTAOO31 Prepare, enter, and verify AV mission plan indicated that
excessive time was used in completing the tasks. Efficiency of flight
plan preparation, entry, and verification could be improved by:

a. Improving software that: reduces the need for calculations,
prompts the operator, contains reference tables and codes, pro-
vides rapid verification of items such as MIM codes.

b. Transmitting MICNS data electronically and directly to the
launcher MICNS initializer. Eliminate the need for GCS personnel
. to read and verbally transmit the data to the launcher.

4.2.3 Data and information supporting the critical task of preparing
and entering a mission flight plan included:

a. Procedural reference:

DEP 55-1550-200—CL~2 pages N-1 through N-4
™ 55-1550-200-10

b. The timed measure for preparation of a mission flight plan
began when the GCS MPO or AVO began to prepare the worksheets.
The timed measure ended when the first key was struck to enter
the flight plan. The timed measure for entering and verifying a
flight plan began when the first key was struck to enter the
plan. The timed measure ended when the last key of the last
entry after verification was struck.

c. Table 4.2.3.1 lists the overall descriptive statistics for
preparing, entering and verifying a mission flight plan (prepare,
Median = 32.6 mimutes; enter and verify, Median = 11.1 minutes).
However, the overall times are misleading as they included trials
for planning that frequently started before receipt of the mis-
sion order. Crewmen received mission information during nightly
briefings. Moreover, Fort Hood was familiar terrain which facil-
itated planning that occurred before the mission order was re-
ceived and after launch of the AV.




. d. Table 4.,2.3.2 lists the mean times to prepare a mission
flight plan. The table distinguishes between trials conducted
after receiving the mission order (positive values) and trials
conducted before receiving the mission order (negative values).
The table also distinguishes between first, middle, and last
trials of the day. Mean times for flight plans prepared after
receiving the mission order ranged fram 51.4 to 66.0 minutes.
There were 18 trials where mission flight plans were prepared
before receiving the mission order.

e. Tables 4.2.3.3 through 4.2.3.5 list the descriptive statis-
tics for preparation of mission flight plans using stored plans
or original plans (stored flight plan used = NO) by first, mid-
dle, and last trials of the day. Only the plans beginning after
receiving the mission order were included. Times to prepare
stored plans and original plan were surprisingly similar. Crew-
men reported that modifying stored plans under the interruptive
conditions in the GCS was a time-consuming task. Moreover, they
reported that they would take their time modifying stored plans.
Median times in minutes for preparing a flight plan included:

(1) First trials: Stored plans, Median = 33.4; Originals,
Median = 36.5

(2) Middle trials: Stored plans, Median = 34.6; Originals,
Median = 32.6

(3) Last trials: Stored plans, Median = 39.4; Originals,
Median = 85.3

f. Table 4.2.3.6 lists the descrlptlve statistics for entering
and verifying a mission flight plan. Less time was taken to
enter and verify a stored flight plan (Median = 10 minutes) than
was used to enter and verify an original flight plan (Median =
21.1 minutes). Other data indicated that there was no practical
differences among first trial of the day (Mean = 15.0 minutes,
N=33), middle trials of the day (Mean = 16.2 minutes, N=113), and
last trials of the day (Mean = 10.1 minutes, N=37).

g. There were slight differences between type of GCS, CLRS, or

FCS for preparing a flight plan (Mean FCS = 39.3 minutes, N=68;

Mean CLRS = 29.6, N=113) and for entering and verifying a flight
plan (Mean FCS = 20.7, N=68; Mean CLRS = 11.3, N=113).

h. The first trials of the day, using an original flight plan
developed after receiving the mission orders, were likely to be
most representative of a tactical situation. The sequence of
critical tasks within the timeframe of the 60 minutes to launch
system criteria included: 1_CTA0O12 Emplacement of GCS (Median =
23.8 minutes), 13_CTAOO31A Preparation time from mission order to
flight plan entry (Median, first trial, Original plan = 36.5
minutes), and 13_CTAOO031 Enter and verify AV mission plan



{Median, Original plan = 21.1 minutes). The combined median time

for preparing, entering, and verifying an original flight plan

was 57.6 minutes and for the full sequence of tasks it totaled

81.4 minutes. However, preparation of the flight plan oc-
casionally began during GCS emplacement.
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4.2.4 Factors affecting 13_CTAQ0031 Prepare, enter, and verify AV mission plan:

A.

Procedural Considerations

1. The mission commander plans the mission based on the mission order with
assistance from the AVO as requested. This is accomplished on a worksheet. The

MC reads the plan parameters to the AVO who enters the plan on the TTY. The
printout from the TTY is then used to verify the plan against the warksheet with the
AVO reading back the entered data to the MC. Any errors are then corrected through
the editing process. Normally, the plan would be entered and verified prior to

launch. However, in some cases where immediacy of the mission precluded prior
entry, latter elements of the plan were entered after the launch.

2. _No significant deviations from procedures were reported. However, wide

variations in entry and verification times were observed, even when the plans
required essentially the same number of overall entries. Crewmen explained that
this was due largely to interruptions, distractions, typing speed of AVGO, and the
time available between receipt of the mission order and planned launch time. Also,
from a practical standpoint, this task can begin as soon as the GCS has power and
before mission orders are received.

Potential Errors

Note: Operators felt that the verification and system checkout procedures permitted
few opportunities for errors. That is, they felt that any original errors would be
caught and corrected, although doing so would result in mission delays.

Nevertheless, they reported the following actual and potential errors:

1.  Any time AutoCAL is calibrated on the wrong channel it must be corrected
before RGT can talk to AV;

2. Failure to check paper in TTY and having to replace roll during planning;

3. Entry of incorrect site survey setup data;

4. Incorrect calculations of azimuth, range and elevation for handoff waypoint.
(One operator stated that the computer catches errors at FCS and corrects them.

One said these data come from Anderson Mountain.)

5. Incorrect entry of barometric pressure, or failure to input after receiving a
weather update;

6. Incorrect alignment of the map placed on the NDU;

7. Selection of wrong altitude;

8. Failure to put in correct AV weight;

9. Entering wrong azimuth for RV or LV;

10. Entering wrong grids for waypoints or cued targets. (Despite verification

procedures, AVOs felt that such errors had been made; however, they believed that
these errors were caught and corrected by observing the NDU.)




11. Entering incorrect servo modes;
12. Communications voice errors with launcher crewmen; and

13. Communications when a single sender talks to one or more receivers, when
there are two or more incoming messages (wire or radio), or when the intercoms and
external messages are received in any combination.

Training Implications

1. Training in controlling the AV flight path to avoid sun angles that affect
payload (glare or high reflections) during critical maneuvers or observation times.

2. . Soldiers outside of the GCS crew want to be informed of RPV mission progress,
mission commanders seldom conducted a preflight brief. During OT II the recovery
crew did not have any idea of the tactical situation.

Human Engineering Considerations

1. The MPO and MC perform periodic data inputs on the data link rack at the rear
of the GCS. This requires them to pass behind the AVO. The aisle space behind the
AVO is inadequate and the AVO has to suspend his operation and move forward to
allow passage. In MOPP gear this is extremely difficult.

2. Because of the restricted space behind the AVO, and because the communi-
cations rack is also directly behind him (with all the radio connectors oriented into
the aisle), personnel are constantly bumping into the connectors. The potential
exists for communications failure due to this.

3. Headspace is limited as well. With helmets and MOPP gear on, crewmen are
very cramped in the workspace provided.

4, The XY plotter on the NDU is too large and occludes critical map information
at points of interest.

5. The display for the end of tape light on the mission commander's console is not
bright enough and is not accompanied by any audio backup.

6. The storage securing screw for the NDU plotter arm is located in an area that
is difficult to access, making storage of the arm much more time consuming and
difficult than it should be.

7.  The NDU vacuum system is seldom used because of the excessive noise it
creates.

8. In order to see what has been entered in the MICNS panel, the operator must
kneel down or bend over.

9. The TTY operator must advance the paper in the TTY to see the entries on the

line being entered, and unroll a scroll of TTY paper to see previous entries. This
often requires him to stand up from his console.

10. Noise in the GCS interferes with hearing the radios and talk between other
operators. The air conditioner/heater blower motor, blowers on the radios, teletype
printing, vacuum on the map board, and generators all contribute to the problem.
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Safety/Health Hazard

A small bracket extends outward directly beneath the TTY at knee height and has
caused minor injuries to the AVO's knees.

Potential Solutions

1. A means of verifying the MIM codes while they are being entered would prevent
the occasional loss of mission time due to inadvertent entry of incorrect codes.
Also, electronic transmission of the codes to the launcher would eliminate the possi-
bility of incorrect entry on the launcher.

2. Replace the teletypewriter (AN/UGC-74) with a less expensive alphanuméric
input device, and add a plasma display for viewing/editing. The printer should be
available to produce finished hard copy, only if it is necessary to have a hard copy.




4.3 Emplacement of RPV camponents
4.3.1 Emplacement of RPV components included:

1 _CTAOO12 Emplacement of GCS.

2_CTAOOOS Emplacement of launch subsystem.

3_CTAQ011 Emplacement of recovery subsystem.

4 CTAOCO10 Emplacement of remote ground terminal (RGT).

aooh

4.3. 2 The RPV Operational and Organization Plan (0&0 Plan, 1986, p.
A—7) contains operational criteria concerning emplacement. Emplace-
ment, as described in the 0&%0 plan, involved many overlapping and
parallel tasks conducted by teams of crewmen. The tasks represented
milestones that occur along with many other tasks during a 57-minute
timeframe. The O&0 plan operational criteria included:

a. Normal displacement and emplacement times for mission essen-
tial equipment are listed below. These times are based on survey
control having been established and do not consider erection or
teardown of tentage, camouflage nets, or laying or retrieval of
external wirelines.

Good visibility Reduced visibility

(daylight) {fog or darkness)
FCS/CLRS Displacement 30 min 60 min
FCS/CLRS Emplacement 60 min 90 min

b. Emplacement Time Requirements

EVENT ELAPSED TIME
Begin Emplacement ) o]
Power Available at GCS 11
Begin Mission Planning 14
Power to Launcher, Warm-up Initializer - 22
Power to RGT, Warm—up GDT 23
AV transferred to Launcher 33
MICNS/GDT System Check complete 45
Initializer Warm-up complete 46
Site setup data verified ' 47
Launch Subsystem ready 47
Mission Planning complete 48
Start Automatic Launch Sequence 48
Recovery Subsystem ready 50
Datalink established , 53
Launch Air Vehicle 57

2Target Acquisition/Designation and Aerial Reconnaissance System (TADARS)
Remotely Piloted Vehicle (RPV) Operational and Organization Plan (O&0
Plan), U.S. Army Field Artillery School, Fort Sill, OK, 1986, (ATSF-TSM-
RV). . '

o
)
w
u




c. Displacement is straightforward and should be accomplished
within 30 minutes. FCS displacement is identical to displacement
in the CLRS except that the only equipment in use at the FCS will
be the ground control station, remote ground terminal, and gen-
erators.

4.3.3 The 0O&0 plan emplacement time requirements implied that the

following operational criteria were desirable for critical emplacement
tasks:

a. GCS Emplacement, Begin emplacement to MICNS/GDT system check
complete, 45 minutes.

b. Launcher Emplacement, Begin emplacement to launch subsystem
ready, 47 minutes.

€. Recovery Emplacement, Begin emplacement to recovery subsystem
ready, 50 mimutes.

d. RGT Emplacement, Begin emplacement to site setup data veri-
fied, 47 minutes.




4.3.4 1 _CTAO012 Emplacement of GCS
4.3.4.1 Procedural reference:

a. DEP 55-1550-200-CL-5 pages N-2 through N-4
b. ™ 55-1550-20

4.3.4.2 The timed measure began when the GCS crossed the release
point. The timed measure ended after the GCS equipment was operation-—
ally checked ocut.

4.3.4.3 Table 4.3.4.3 lists the overall descriptive statistics for
1_CTAOO12 Emplacement of GCS. The median time to emplace the GCS
(Median = 23.8 minutes! was less than the required 0&0 plan operation-
al criteria of 45 minmutes.

4.3.4.4 There Table 4.3.4.4 lists the mean times to emplace the GCS
by week of the test. The range of means (Mean, lowest = 22.68
minutes; Mean, highest = 41.97 minutes) were all less than the 0&0
plan operational criteria of 45 minutes.

4.3.4.5 There was no practical difference between the mean times for
emplacement of the CLRS GCS (Mean = 33.9 minutes, N=33) or the FCS GCS
(Mean = 26.5 minutes, N=43). Moreover, there were no practical dif-
ferences between first and last emplacements of the day (Mean, first =
29.7, N=59; Mean, last = 29.6, N=17).

4.3.4.6 Figure 4.3.4.6 shows the box and whisker plots of GCS em-
placement times for both the CLRS (C) and FCS (F) by week of the test.
A distinct pattern of elongated boxes, indicating increased variabili-
ty, appears for CLRS emplacement in the second, fifth, and seventh
weeks of the test. Review of other test data, including RAM and
Meteorological data, were conducted and no explanations for the vari-
ance were found. The only pattern that appeared was in the crew
records and in informal interviews for which the same NCO lead the
CLRS GCS crew for emplacements of long durations. Most box and
whisker plots in Figure 4.3.4.6 indicate consistency of performance.
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Box and whisker plots for GCS emplacement.

mplacement of the GCS:

b
A

Figure 4.‘.6. I
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4.3.4.7 Factors affectingl_CTA 0012 Emplacement of GCS:

A.

Procedural Considerations
1. Existing cover and camouflage were not always used.

2. The 30 kw generator should be emplaced and made ready for supplying power as
a first step.

3. Crewmen should ensure that the master switch of the generator is in the OFF
position prior to activation.

4.  The GCS generally does not require leveling because level terrain is selected
for its positioning.

5. The air conditioning, exhaust blower power cables and antenna matching unit
cables can be left in place to save time. In practice they are seldom disconnected.

6. The grounding rod is laid in an open trench. Trench n